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DQGWKHVWRUP WLGHϭϴϳ
ϭϴϴ
'XULQJH[WUHPHWLGHOHYHOVWKHWRWDOWLGDOFXUYHLVDFRPELQDWLRQRIWKHDVWURQRPLFDOWLGHDQGϭϴϵ
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LJQRUHG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ϵDVWURQRPLFDOFXUYHZDVJHQHUDWHGWKURXJKSUHGLFWLRQRIDSHDNZDWHUOHYHOKDOIZD\EHWZHHQϮϭϯ
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*3'ZDVILWWHGWRWKHSHDNVWRUPZDYHKHLJKWV7KH*3'LV JLYHQLQ(TXDWLRQ ZKLFKLVϮϳϳ
WKHFRPELQDWLRQ RIWKUHHVWDWLVWLFDOIDPLOLHVDQG WKHPHWKRGRI+DZNHVHWDO ZDVXVHGϮϳϴ
,Q(TXDWLRQכ DQGȟ DUH VFDOHDQGVKDSHSDUDPHWHUVUHVSHFWLYHO\&ROHVDQGXLVWKHϮϳϵ
ϭϮ
WKUHVKROGWKDWHQVXUHV PRGHOFRQYHUJHQFH7KH 5VWDWLVWLFDOVRIWZDUHSDFNDJHLVPHY &ROHVϮϴϬ
ZDVXWLOLVHGWRILW*3'WRGDWD5&RUH7HDP Ϯϴϭ
ϮϴϮ
ܲݎሼܺ ൐ ݔȁܺ ൐ ݑሽ ൌ ൝ͳ ൅ ߦ ߶ିଵ ሺݔ െ ݑሻ
ିଵ కൗ
݁ିೣషೠഝ
ߦ ് Ͳߦ ൌ Ͳ Ϯϴϯ
Ϯϴϰ
Ϯϴϱ
7KHVLJQLILFDQWZDYHKHLJKWXQGHU µSUHVHQW¶FOLPDWHܪ௦ǡ௣ IRU VWRUPFRQGLWLRQVFRUUHVSRQGLQJϮϴϲ
WR LQ    DQG\HDUUHWXUQSHULRGVZHUHGHULYHG IURPWKH*3'WKH UHWXUQOHYHOϮϴϳ
SORWVDUHVKRZQ LQ)LJXUH7KLVUDQJHRI UHWXUQSHULRGVZDVFKRVHQDV WKH\ UHSUHVHQW DϮϴϴ
YDULHW\RIVWRUPHYHQWVZKLFKZLOOLQGXFHLPSDFWVEHWZHHQPHGLXP DQGKLJKULVN DQGXVHIXOϮϴϵ
IRUFRDVWDODQGIORRGGHIHQFHGHVLJQ7KHPD[LPXPVWRUPZDYHSHULRG ௠ܶ௔௫ZDVGHWHUPLQHGϮϵϬ
IURPWKHDYHUDJHRI WKH ௠ܶ௔௫ YDOXHVIRU LQGLYLGXDOVWRUPVH[WUDFWHGIURPWKHSURMHFWHG GDWDϮϵϭ
'XHWRWKHVPDOOYDULDWLRQLQZDYHDSSURDFKGLUHFWLRQGXULQJ VWRUPV HYHQWVWKH SUHGRPLQDQWϮϵϮ
GLUHFWLRQ DFURVV DOO WKH LQGLYLGXDO VWRUP HYHQWV ZDV XVHG DV WKH LQFLGHQW VWRUP GLUHFWLRQϮϵϯ
ܹ݀௔௩௚7KHVHFRQGLWLRQVDUHVXPPDULVHGLQ7DEOHϮϵϰ
Ϯϵϱ
Ϯϵϲ
/RFDWLRQ ܪ௦ǡ௣ǡଵ ܪ௦ǡ௣ǡହ ܪ௦ǡ௣ǡଶ଴ ܪ௦ǡ௣ǡହ଴ ܪ௦ǡ௣ǡଵ଴଴ ௠ܶ௔௫ ܹ݀௔௩௚
3HPEURNH       
:HVW+HEULGHV       
7DEOH  6XPPDU\RI µSUHVHQW¶VWDWLVWLFDOO\VLJQLILFDQW VWRUP ERXQGDU\FRQGLWLRQVDWϮϵϳ
3HPEURNHDQG:HVW+HEULGHV +VSQQ  UHIHUVWRµSUHVHQW¶SHDNVLJQLILFDQWϮϵϴ
VWRUPZDYHKHLJKWZLWKUHWXUQSHULRG Q ௠ܶ௔௫ LVWKHPD[LPXPVWRUPZDYHSHULRGDQGܹ݀௔௩௚Ϯϵϵ
LVWKHSUHGRPLQDQWVWRUPZDYHGLUHFWLRQϯϬϬ
ϯϬϭ
ϭϯ
)LJXUH  *3'SURILOHVIRUSUHVHQWFOLPDWHQRUWKOHIWDQGVRXWKULJKWVWRUP ERXQGDU\ϯϬϮ
SRLQWV &URVVHVLQGLFDWHVWRUP VLJQLILFDQWZDYHKHLJKW YDOXHVZLWKWKH*3'ILWDQGϯϬϯ
FRQILGHQFHLQWHUYDOVLQGLFDWHGE\WKHWKUHHFXUYHVϯϬϰ
ϯϬϱ
6LPLODUDQDO\VLVZDVFDUULHGRXWIRUµIXWXUH¶ VWRUPV LQRUGHUWRJHQHUDWHVWDWLVWLFDOO\VLJQLILFDQWϯϬϲ
IXWXUH VWRUPFRQGLWLRQV,QWKLVFDVH ZDYHSURMHFWLRQVGHULYHGXQGHUWKHHQVHPEOHPHDQRIϯϬϳ
WKH ,3&&  $% VFHQDULR ZHUH XVHG 7KHܪ௦ǡ௣ YDOXHV XQGHU IXWXUH VWRUP FRQGLWLRQVϯϬϴ
FRUUHVSRQGLQJZLWKLQDQG\HDUUHWXUQSHULRGVDUHJLYHQLQ7DEOH6LPLODUϯϬϵ
WR WKH µFXUUHQW¶ FRQGLWLRQ WKH VWRUPZDYH SHULRGZDV GHWHUPLQHG IURP WKH DYHUDJH RI WKHϯϭϬ
PRGHOOHG VWRUP GDWD 3UHGRPLQDQW ZDYH GLUHFWLRQ GXULQJ VWRUPV ZDV XVHG DV WKH VWRUPϯϭϭ
GLUHFWLRQϯϭϮ
ϯϭϯ
ϯϭϰ
7DEOH 6XPPDU\RIIXWXUH VWRUPZDYHERXQGDU\FRQGLWLRQVDW3HPEURNHDQG:HVWϯϭϱ
+HEULGHVϯϭϲ
ϯϭϳ
7R SURYLGH ZLQG IRUFLQJ UHTXLUHG IRU WKH FRPSXWDWLRQDO PRGHO ZLQG RXWSXWV IURP WKHϯϭϴ
FRUUHVSRQGLQJ*OREDO&OLPDWH0RGHO*&0VLPXODWLRQV 6KLPXUDHWDO ZHUHH[WUDFWHGϯϭϵ
IRU/LYHUSRRO%D\ )LJXUHDQGILOWHUHGIRUZLQGYHORFLWLHV8GXULQJVWRUP FRQGLWLRQV$VϯϮϬ
ZLWKWKHZDYHGDWDWKH*3'ZDVILWWHGWRWKHZLQGGDWD 7KH SUHGRPLQDQWZLQGGLUHFWLRQZDVϯϮϭ
GHWHUPLQHGIURPREVHUYHGZLQGGDWDFROOHFWHGDW+LOEUHZHDWKHUVWDWLRQ )LJXUH GXHWRWKHϯϮϮ
FRDUVH UHVROXWLRQ RI WKH PRGHO RXWSXWV DQG WKH FRPSOH[ UHJLRQDO EHKDYLRXU 7KH VWRUPϯϮϯ
GXUDWLRQZDVDOVRLQYHVWLJDWHGYLDWKHVDPHDSSURDFK 7KHUHWXUQOHYHOSORWIRUWKHµSUHVHQW¶ϯϮϰ
VWRUPZLQG YHORFLW\ LV VKRZQLQ)LJXUHDQGWKHZLQGDQGGXUDWLRQFRQGLWLRQVDUHVXPPDULVHGϯϮϱ
LQ7DEOHϯϮϲ
/RFDWLRQ ܪ௦ǡ௣ǡଵ ܪ௦ǡ௣ǡହ ܪ௦ǡ௣ǡଶ଴ ܪ௦ǡ௣ǡହ଴ ܪ௦ǡ௣ǡଵ଴଴ ௠ܶ௔௫ ܹ݀௔௩௚
3HPEURNH       
:HVW+HEULGHV       
ϭϰ
ϯϮϳ
5HWXUQ3HULRG\HDUV ͳ ͷ ʹͲ ͷͲ ͳͲͲ 3UHGRPLQDQWGLUHFWLRQ
 ଵ଴ሺିଵሻ     
	 ଵ଴ሺିଵሻ     
'XUDWLRQKRXUV     
7DEOH  :LQGERXQGDU\IRUFLQJ8YHORFLW\DQGSUHGRPLQDQWGLUHFWLRQGHULYHGXVLQJϯϮϴ
*3'ILWWHGWRPRGHOOHGZLQGGDWDDW/LYHUSRRO%D\GHWHUPLQHGIURP*&06KLPXUDHWDOϯϮϵ
IRUERWKµSUHVHQW¶DQGµIXWXUH¶FOLPDWHFRQGLWLRQVϯϯϬ
ϯϯϭ
ϯϯϮ
ϯϯϯ
)LJXUH  *3'SURILOHVIRUµSUHVHQWFOLPDWH¶ ଵܷ଴ DW DW/LYHUSRRO%D\&URVVHVLQGLFDWHϯϯϰ
REVHUYHG VWRUPYDOXHVZLWKWKH*3'ILWDQGFRQILGHQFHLQWHUYDOVLQGLFDWHGE\WKHWKUHHϯϯϱ
FXUYHVϯϯϲ
ϯϯϳ
7RSURYLGHWLPHVHULHV ZDYHDQGZLQGERXQGDU\FRQGLWLRQVIRUWKHPRGHOGXULQJVWRUPVZLWKϯϯϴ
GLIIHUHQWUHWXUQSHULRGVUHSUHVHQWDWLYHPHDVXUHGVWRUPSURILOHVZHUHGHYHORSHGXVLQJSHDNϯϯϵ
VWRUPZDYHDQGZLQGFRQGLWLRQVGHYHORSHGDERYH )LJXUH,WZDVIRXQGWKDW D WKUHHSRLQWϯϰϬ
VSOLQHFXUYHSURYLGHGDJRRGUHSUHVHQWDWLRQRIDVWRUPSURILOH ZKHQFRPSDUHGZLWKREVHUYHGϯϰϭ
VWRUPV)LJXUH ,QWKHVWRUPSURILOHGHYHORSHGXVLQJWKHWKUHHSRLQW VSOLQHFXUYH VWDUW DQGϯϰϮ
HQGSRLQWVRIWKHVWRUPSURILOHKDYH WKHWKUHVKROGZDYHKHLJKWXVHGIRULVRODWLRQRIVWRUPVIURPϯϰϯ
WKHZDYHGDWDDQGWKHPLGSRLQWWKHSHDNVWRUPZDYHKHLJKWJHQHUDWHGXVLQJ*3' RFFXUULQJϯϰϰ
KDOIZD\WKURXJKWKHVWRUPGXUDWLRQ 7KHFRUUHVSRQGLQJZLQGFRQGLWLRQVIRUWKHFKRVHQVWRUPϯϰϱ
ZDYHUHWXUQSHULRGIROORZWKHVDPHWKUHHSRLQWVSOLQHVKDSHϯϰϲ
ϯϰϳ
ϯϰϴ
ϭϱ
)LJXUH  ([DPSOHVWRUPSURILOHVIURPREVHUYHG 3HPEURNHDQG:HVW+HEULGHV :DYH1HWϯϰϵ
ZDYHEXR\GDWDϯϱϬ
ϯϱϭ
6HOHFWLRQRIVWRUPHYHQWVϯϱϮ
7RHQFRPSDVVD UDQJHRISRWHQWLDOVWRUPLPSDFWVRQWKH6HIWRQFRDVWVWRUPVFHQDULRVZHUHϯϱϯ
GHULYHG E\ FRPELQLQJ VWDWLVWLFDOO\ VLJQLILFDQW SHDN VWRUP ZDYH KHLJKW VXUJH DQG VWRUPϯϱϰ
GXUDWLRQ$WRWDORIµSUHVHQW¶DQGµIXWXUH¶VWRUPVZHUHVHOHFWHG WREHPRGHOOHGUHSUHVHQWLQJϯϱϱ
DUDQJHRISUHVHQWDQGIXWXUHFOLPDWHVWRUPVFHQDULRV(LJKWVWRUPVSURYLGLQJDFURVVVHFWLRQϯϱϲ
RIWKHUHVXOWVZHUHFKRVHQIRUDQDO\VLV RIWKHVSDWLDOPRUSKRG\QDPLFLPSDFWV7KHGHWDLOVRIϯϱϳ
WKHHLJKWVHOHFWHGVWRUPVSUHVHQWHGDUHJLYHQLQ7DEOHZLWKIXUWKHUGHWDLOVRIDOOVHOHFWHGϯϱϴ
VWRUPFRQGLWLRQVIRXQGLQ%HQQHWW7KHVHOHFWHGVFHQDULRVFRYHUPRUHIUHTXHQWVWRUPVϯϱϵ
DQGUDUHUH[WUHPHHYHQWV7KHZDYHDQGVXUJHERXQGDU\FRQGLWLRQVDUHFRPELQHGVXFKWKDWϯϲϬ
WKHSHDNZDYHFRLQFLGHVZLWKWKHSHDNZDWHUOHYHO GXULQJVWRUPV WKXVUHSUHVHQWLQJWKHZRUVWϯϲϭ
FDVHVFHQDULRIRUHDFKFRPELQDWLRQRIFRQGLWLRQVϯϲϮ
3UHVHQW6WRUP
(YHQWV
3HDNVWRUP
ZDYHKHLJKW
UHWXUQSHULRG
:DWHU/HYHO
5HWXUQ3HULRG
3HDNVWRUP
ZDYHKHLJKW
P
:DWHUOHYHO
P
'XUDWLRQ
KRXUV
BB     
BB     
BB     
BB     
BB     
)XWXUH6WRUP
(YHQWV
BB     
ϭϲ
ϯϲϯ
7DEOH  6HOHFWHG VXEVHWRIVWRUPFRQGLWLRQVXVHGIRUWKHDQDO\VLV6WRUPHYHQWVDUHϯϲϰ
ODEHOOHGZLWKWKHFRQYHQWLRQ3HDNVWRUPZDYH KHLJKWUHWXUQSHULRGB:DWHUOHYHOUHWXUQϯϲϱ
SHULRGB'XUDWLRQUHWXUQSHULRG %HQQHWWϯϲϲ
ϯϲϳ
 &RPSXWDWLRQDO0RGHOOLQJDSSURDFKϯϲϴ
7R LQYHVWLJDWH PRUSKRORJLFDO FKDQJHV LQGXFHG E\ H[WUHPH HYHQWV LW ZDV QHFHVVDU\ WRϯϲϵ
FRPELQHVHYHUDOQXPHULFDOPRGHOVDQGGRPDLQV7ZRGLIIHUHQWPRGHOVZHUHFRPELQHGDQGϯϳϬ
WKUHH PRGHO GRPDLQV ZHUHQHVWHGLQDVHWXSWRRSWLPLVHFRPSXWDWLRQDOWLPHDQGWRDFFXUDWHO\ϯϳϭ
UHSUHVHQWWKH6HIWRQ&RDVW DQGGXQHV\VWHP 7UDQVIRUPDWLRQRI VWRUPZDYHVIURPWKH*&0ϯϳϮ
ERXQGDU\SRLQWORFDWLRQVGHVFULEHGLQ6HFWLRQ ZDVFDUULHGRXWXVLQJWKH'HOIW' /HVVHUHWϯϳϯ
DO :$9( PRGXOH7KLVPRGHOSURYLGHG ZDYHDQGZDWHU OHYHO ERXQGDU\IRUFLQJIRUDϯϳϰ
FRXSOHG'HOIW':$9(	)/2:PRGHO :DYHDQGZDWHU OHYHO FRQGLWLRQV IURP WKLVPRGHOϯϳϱ
ZHUHVXEVHTXHQWO\DSSOLHGIRU WKHERXQGDU\RIDKLJKUHVROXWLRQ ORFDOVFDOHPRUSKRORJLFDOϯϳϲ
PRGHOGHYHORSHGXVLQJ;%HDFK 5RHOYLQNHWDO ϯϳϳ
ϯϳϴ
)RUWKHVKHOIVFDOH'HOIW':$9(PRGHOGRPDLQ$ )LJXUHDNPUHVROXWLRQFDUWHVLDQJULGϯϳϵ
VSDQQLQJEHWZHHQWKH3HPEURNHDQG:HVW+HEULGHVZDYHERXQGDU\SRLQWV)LJXUHDQGϯϴϬ
FRYHUVWKHHQWLUH WKH,ULVK6HD6W*HRUJH¶V&KDQQHO%ULVWRO&KDQQHODQGH[WHQGLQJLQWRWKHϯϴϭ
&HOWLF 6HD ZDV FUHDWHG 7KH EDWK\PHWU\ IRU WKLV GRPDLQ ZDV WDNHQ IURP WKH *(%&2ϯϴϮ
GDWDVHW %HFNHUHWDO  7KHPRGHO LV IRUFHGE\QRQVWDWLRQDU\KRXUO\ZLQGDQGVWRUPϯϴϯ
ZDYHLQIRUPDWLRQ7KLV ODUJHFRPSXWDWLRQDOGRPDLQDOORZVWKHSURSDJDWLRQRIERWKVZHOODQGϯϴϰ
ZLQGZDYHVLQWRWKHDUHDRILQWHUHVWKRXUVRIPRGHOVSLQXS WLPH ZDVDOORZHG IRUVWDELOLW\ϯϴϱ
DQGDFFXUDWHUHVXOWVDQGWRSURYLGHVSLQXSWLPHIRUWKHQHVWHGPRGHOV:DYHGDWDVLJQLILFDQWϯϴϲ
BB     
BB     
ϭϳ
ZDYH KHLJKW ZDYH SHULRG ZDYH GLUHFWLRQ IRU WKH ZKROH DUHD ZHUH VWRUHG DW KRXUO\ WLPHϯϴϳ
LQWHUYDOV WRSURYLGHERXQGDU\IRUFLQJ IRUWKHQHVWHGVPDOOHUPRGHOGRPDLQVϯϴϴ
ϯϴϵ
ϯϵϬ
)LJXUH  0RGHOGRPDLQV 'RPDLQ $OHIWFRYHUVWKH DUHDEHWZHHQWKHWZRVWRUPERXQGDU\ϯϵϭ
SRLQWVXVHGLQWKLVVWXG\ 0RGHOEDWK\PHWU\IRUGRPDLQ$ZDVJHQHUDWHGIURPWKH*(%&2ϯϵϮ
GDWDVHW %HFNHU HW DO  1XPEHUV    DQG KLJKOLJKW WKH ,ULVK6HD6W*HRUJH¶Vϯϵϯ
&KDQQHO %ULVWRO &KDQQHO DQG &HOWLF 6HD UHVSHFWLYHO\ ZLWK WKH 6HIWRQ FRDVWOLQH ORFDWLRQϯϵϰ
KLJKOLJKWHGLQ EODFN 0RGHOGRPDLQ%ULJKW RI WKHFRXSOHG'HOIW':$9(DQG)/2:GRPDLQϯϵϱ
FRYHULQJ WKH6HIWRQFRDVWOLQHDQGH[WHQGLQJRXW LQ WR/LYHUSRRO%D\0RGHOEDWK\PHWU\ IRUϯϵϲ
GRPDLQ % JHQHUDWHG XVLQJ 32/&206 EDWK\PHWU\ GDWD %URZQ  'RPDLQ & RI WKHϯϵϳ
;%HDFKGRPDLQKLJKOLJKWHG LQEODFNULJKW H[WHQGV IURP6HIWRQGXQHFUHVW WR P2'1ϯϵϴ
RIIVKRUHDQGFRYHUVWKHORQJVKRUHGLVWDQFHIURP&URVE\WR 6RXWKSRUWϯϵϵ
ϰϬϬ
7KHZDYHPRGHOZDVYDOLGDWHGDJDLQVWVWRUPZDYHGDWDPHDVXUHGE\/LYHUSRRO%D\:DYH1HWϰϬϭ
:DYHEXR\&()$60RGHOOHGLQ   DQG\HDUUHWXUQSHULRGSHDNVWRUPZDYHϰϬϮ
KHLJKWV XQGHU µSUHVHQW¶FOLPDWHVKRZHG UHDVRQDEOHDJUHHPHQWZLWK WKRVHGHWHUPLQHGIURPϰϬϯ
REVHUYHGVWRUPZDYHGDWDZLWKDQDYHUDJHXQGHUSUHGLFWLRQRI )LJXUH 7KHXQGHUϰϬϰ
SUHGLFWLRQRISHDNVWRUPZDYHKHLJKWE\WKHPRGHOPD\EHGXHWRWKHUHVROXWLRQRIWKH*&0ϰϬϱ
PRGHOUXQVZKLFKPD\QRWKDYHSUHGLFWHGWKHORFDOZLQGZHOOHQRXJKWRDFFXUDWHO\FDSWXUHϰϬϲ
WKHZLQGVHDϰϬϳ
ϰϬϴ
)LJXUH  LQDQG\HDUUHWXUQOHYHOSHDNVWRUPZDYHKHLJKWVGHWHUPLQHGϰϬϵ
IURPPRGHOOHGDQGPHDVXUHGZDYHVϰϭϬ
ϰϭϭ
7KHQHVWHGPRGHO'RPDLQ%)LJXUHLVXWLOLVHGLQWKHFRPELQHG 'HOIW':$9(DQG)/2:ϰϭϮ
PRGXOHVLQRUGHUWRSURYLGHZDWHUOHYHODQGZDYHERXQGDU\FRQGLWLRQVIRUD VPDOOHU;%HDFKϰϭϯ
PRUSKRG\QDPLFPRGHO GRPDLQ&7KHFXUYLOLQHDUJULGIRUGRPDLQ%ZKLFKFRYHUVWKHPDMRULW\ϰϭϰ
ϭϴ
RI WKH6HIWRQFRDVWOLQH ZDVFUHDWHGXVLQJWKH5*)*5,'IDFLOLW\ LQ'HOIW''RPDLQ%KDVϰϭϱ
FRDUVHUUHVROXWLRQJULGFHOOVP[PLQFURVVVKRUH	 DORQJVKRUH GLUHFWLRQVDORQJWKHϰϭϲ
RIIVKRUHERXQGDU\DQGKLJKHU UHVROXWLRQV FHOOVFORVHU WR WKHVKRUHOLQH P[P7KHϰϭϳ
EDWK\PHWU\RIWKLVPRGHOLVHVWDEOLVKHGXVLQJPUHVROXWLRQ32/&206PRGHOEDWK\PHWU\ϰϭϴ
%URZQ  7KH 32/&206PRGHO EDWK\PHWU\ H[WHQGV IURP P2'1 WR P2'1ϰϭϵ
:LOOLDPVHWDO 7RFRYHUWKHEDWK\PHWU\RIWKH6HIWRQGXQHV\VWHP/L'$5GDWDVHWϰϮϬ
IURPDLUERUQHODVHUVFDQWUDQVHFWVFDUULHGRXWRQWKHWK0DUFKZLWKP[PUHVROXWLRQϰϮϭ
ZDVXVHG*ROG7KHRIIVKRUHERXQGDU\ZDVVHWDWP2'1DQGWKHRIIVKRUHJULGϰϮϮ
FHOOVZHUHVHWDW DFRQVWDQWGHSWKWRHQVXUHRIIVKRUHXQLIRUPLW\RIERXQGDU\IRUFLQJϰϮϯ
ϰϮϰ
:LQGDQGZDYHERXQGDU\IRUFLQJ IRUWKHGRPDLQ%DUHWDNHQIURPGRPDLQ$7KHZDWHUOHYHOϰϮϱ
ERXQGDU\FRQGLWLRQDW WKHVRXWKHUQRIIVKRUHSRLQW RI WKHPRGHOGRPDLQ% LVFUHDWHGXVLQJϰϮϲ
0F0LOODQHWDODV DIRUHPHQWLRQHG LQ6HFWLRQ 7KHQRUWKHUQZDWHUOHYHOSRLQWLVϰϮϳ
GHWHUPLQHG E\DSSO\LQJWKHSKDVHVKLIWEHWZHHQWKHVRXWKDQGQRUWKODWHUDOWLGDOERXQGDULHVϰϮϴ
'LVVDQD\DNH HW DO  7R FDOFXODWH WKLV SKDVH GLIIHUHQFH WLGDO HOHYDWLRQV IURP WKHϰϮϵ
32/&206PRGHO%ULFKHQRHWDO FRUUHVSRQGLQJ WR WKHQRUWKDQGVRXWKERXQGDU\SRLQWVϰϯϬ
RIGRPDLQ%ZHUHXVHG(DFKWLGDOVLJQDOZDVGHFRPSRVHGLQWRWLGDOFRQVWLWXHQWVXVLQJϰϯϭ
)DVW)RXULHU7UDQVIRUP))7 7KHQ DFRPSDULVRQRIWKHSUHGLFWHGWLGDOHOHYDWLRQV DWERWKWKHϰϯϮ
QRUWKDQGVRXWKSRLQWVSURYLGHVWKHIRUZDUGSKDVHVKLIWRIPLQVEHWZHHQWKHQRUWKDQGϰϯϯ
VRXWKERXQGDU\SRLQWV%RWK'HOIW':$9(DQG)/2:PRGHOVZHUHRQOLQHFRXSOHGWRLQFOXGHϰϯϰ
ZDYHFXUUHQW LQWHUDFWLRQZLWKFRPPXQLFDWLRQEHWZHHQ IORZDQGZDYHVDWPLQ LQWHUYDOVϰϯϱ
:DWHUOHYHODQGZDYHRXWSXWVDW WKHRIIVKRUHERXQGDU\RIGRPDLQ&)LJXUHZHUHVDYHGDWϰϯϲ
 PLQXWHLQWHUYDOVϰϯϳ
ϰϯϴ
'RPDLQ & XVHV ;%HDFK FRDVWDO DUHD PRGHO 5RHOYLQN HW DO  WR GHWHUPLQHϰϯϵ
PRUSKRG\QDPLF FKDQJHDQGZDYHRYHUWRSSLQJDW6HIWRQ&RDVW:KLOVWLWLVDFNQRZOHGJHGWKDWϰϰϬ
VXEWLGDOG\QDPLFVDUHQRWZHOOFDSWXUHGE\;%HDFK PRGHOWKHIRFXVRIWKLVVWXG\LVRQGXQHϰϰϭ
HURVLRQ IRU ZKLFK ;%HDFK LV LQWHQGHG DQG KDV EHHQ H[WHQVLYHO\ WHVWHG DQG YDOLGDWHGϰϰϮ
ϭϵ
ZRUOGZLGH7KHKLJKUHVROXWLRQGRPDLQ&FRYHUVWKHKLJKO\G\QDPLFEHDFKDQGGXQHV\VWHPϰϰϯ
VXUURXQGLQJ)RUPE\3RLQW RIWKH6HIWRQ&RDVW7KHDORQJVKRUHOHQJWKRIGRPDLQ&DWWKHODQGϰϰϰ
ERXQGDU\LVDSSUR[LPDWHO\NP7KHRIIVKRUHJULGFHOOVRIGRPDLQ& DUHRIORZHUUHVROXWLRQϰϰϱ
P[PLQFURVVVKRUH[DORQJVKRUHGLUHFWLRQVZLWKWKHJULGUHILQLQJWRZDUGVRQVKRUH WRϰϰϲ
P[P FORVHU WR WKHVKRUHOLQH7KHEDWK\PHWU\GDWDVHWVXWLOLVHGDUH WKHVDPHDVWKRVHϰϰϳ
XVHGIRU WKHGRPDLQ%)RUDOO WKUHHGRPDLQV WKHJULGVL]H DQG UHVROXWLRQZHUH FKRVHQ WRϰϰϴ
DFKLHYHDFFXUDWH UHVXOWV ZKLOHRSWLPLVLQJFRPSXWDWLRQDO WLPH6LPXODWLRQVZHUH UXQRQ WKHϰϰϵ
VWDWHRIWKHDUW 6XSHUFRPSXWLQJ :DOHV KLJK SHUIRUPDQFH FRPSXWLQJ FOXVWHUϰϱϬ
KWWSVZZZVXSHUFRPSXWLQJZDOHVSURYLGLQJH[WHQVLYHFRPSXWDWLRQDOSRZHUϰϱϭ
ϰϱϮ
;%HDFKKDVSUHYLRXVO\EHHQH[WHQVLYHO\FDOLEUDWHGIRU/LYHUSRRO%D\E\'LVVDQD\DNHHWDOϰϱϯ
 ,Q WKHLU VWXG\ DVWRUPHYHQW WKDWRFFXUUHG LQ0DUFKZDVXVHGWRYDOLGDWHWKHϰϱϰ
/LYHUSRRO%D\;%HDFKPRUSKRG\QDPLFVPRGHO0RGHOOHGEHDFKSURILOHFKDQJHGXULQJ0DUFKϰϱϱ
VWRUPDWILYHFURVVVKRUHORFDWLRQV:LOOLDPVHWDOZHUHFRPSDUHGZLWKPRGHOOHGϰϱϲ
FURVVVKRUHSURILOHFKDQJH7KHPRGHOSHUIRUPDQFHZDVUDWHGXVLQJ 5RRW0HDQ6TXDUH(UURUϰϱϳ
506(5HVLGXDO6XPRI6TXDUHV566DQG%ULHU6NLOO6FRUH%66 YDQ5LMQDQG:DOVWUDϰϱϴ
'LVVDQD\DNHHWDOIRXQGWKDWPHDQ506(566DQG%66IRUWKHLUYDOLGDWLRQϰϱϵ
ZHUH   DQG  UHVSHFWLYHO\ ZKLFK FRQILUPV WKDW WKHPRGHO LV DEOH WR FDSWXUHϰϲϬ
PRUSKRG\QDPLFFKDQJHGXULQJWKHVWRUPHYHQWVDWLVIDFWRULO\:KLOHWKHFDOLEUDWLRQRI;%HDFKϰϲϭ
PD\YDU\XQGHUGLIIHUHQWVWRUPFRQGLWLRQVFRQVLGHULQJWKHPDFURWLGDOQDWXUHRIWKHFRDVWOLQHϰϲϮ
DQGWKHDYDLODELOLW\RIGDWDWKHVHPRGHOSDUDPHWHUVZHUHXVHGIRUWKHVWRUPVLPXODWLRQVϰϲϯ
ϰϲϰ
5HVXOWVϰϲϱ
7KLV VHFWLRQ SUHVHQWV DQG GLVFXVVHV WKH PRUSKRG\QDPLF FKDQJH RI 6HIWRQ &RDVW GXULQJϰϲϲ
SUHVHQWDQGIXWXUHVWRUPHYHQWVEDVHGRQWKHPRUSKRG\QDPLFVVLPXODWLRQVFDUULHGRXWXVLQJϰϲϳ
WKHVWRUPVDQGPRGHOOLQJDSSURDFK GHVFULEHGLQ6HFWLRQ ϰϲϴ
(IIHFWRISHDNVWRUPZDYHKHLJKWDQGZDWHUOHYHOϰϲϵ
ϮϬ
)LJXUHV DQG  VKRZPRUSKRG\QDPLFFKDQJHDORQJWKH 6HIWRQ&RDVWIURPD YDULHW\RIϰϳϬ
VWRUPZDYHFRQGLWLRQV XQGHUWKHµSUHVHQW¶FOLPDWHFRQGLWLRQVGHVFULEHGLQ7DEOH)LJXUHVϰϳϭ
DQG KRZHYHU IRFXVRQWKHLPSDFWVRIFOLPDWHFKDQJH XQGHUWKHIXWXUHVWRUPVSURYLGHGϰϳϮ
LQ7DEOH)RFXVLQJRQWKHLQWHUWLGDODUHDDQGGXQHV\VWHPZKLFKLVWKHPRVWDFWLYHSDUWRIϰϳϯ
WKHEHDFKWKHLQLWLDOEHGOHYHOZLWKWKH PPDQGPGHSWKFRQWRXU OLQHVDQGWKHGXQHϰϳϰ
FUHVW DUH VKRZQ DORQJVLGH WKH FKDQJHV LQ WKHVH ILJXUHV DV D UHIHUHQFH 7KH SDWWHUQV RIϰϳϱ
HURVLRQDQGDFFUHWLRQSURYLGHLQVLJKWVLQWRWKHOLQNVEHWZHHQWKHK\GURG\QDPLFIRUFLQJGXULQJϰϳϲ
VWRUPVDQG WKHLULPSDFWVRQEHDFKPRUSKRG\QDPLFVϰϳϳ
ϰϳϴ
)LJXUH  &RPSDULVRQ RISUHVHQWVHDEHGFKDQJHDW6HIWRQ&RDVWDVDUHVXOWRIBBϰϳϵ
FHQWUH BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUVDQGϰϴϬ
GXQHFUHVW WKLFNEODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϰϴϭ
,Q )LJXUH  WKH EHG OHYHO FKDQJHV IURP WKH BB DQG BB VWRUP HYHQWV DUHϰϴϮ
GLVSOD\HG DORQJVLGH WKHLU GLIIHUHQFHV KLJKOLJKWLQJ WKH LPSDFW RI WKH ZDWHU OHYHO RQ WKHϰϴϯ
PRUSKRORJLFDOLPSDFWV$VOLJKWIODWWHQLQJRIDQRIIVKRUHEDUIHDWXUHLVREVHUYHGDVZHOODVϰϴϰ
SDWWHUQVRIVPDOOVFDOHHURVLRQDQGDFFUHWLRQEHWZHHQ WKHPDQGPFRQWRXUV)RUERWKϰϴϱ
VWRUPHYHQWV WKHDUHDVZLWKVLJQLILFDQWHURVLRQDUHORFDWHGDORQJWKHOHVVVKHOWHUHGVHFWLRQϰϴϲ
QRUWKRI)RUPE\3RLQW 0RVWFKDQJHVDUHREVHUYHGQHDUWKHPGHSWKFRQWRXU DURXQGWKHϰϴϳ
GXQH IRRW 6PDOOVFDOH HURVLRQ FDQ EH VHHQ DW WKH NP VWUHWFK RI WKH FRDVWOLQH VRXWK RIϰϴϴ
)RUPE\3RLQW7KHUH LVDSDWWHUQRI IODWWHQLQJRI WKHEHDFK IDFH FORVHU WR WKHVRXWK ODWHUDOϰϴϵ
ERXQGDU\ RIGRPDLQ& QHDU +LJKWRZQZKLFKEHFRPHVPRUHVHYHUHZLWK WKHLQFUHDVHLQZDWHUϰϵϬ
OHYHODOWKRXJKQRWDVODUJHDV WKHHURVLRQWRWKHQRUWKRI)RUPE\3RLQW7KH PRVWVLJQLILFDQWϰϵϭ
GLIIHUHQFHEHWZHHQWKHPRUSKRORJ\FKDQJHGXULQJWKHWZRVWRUPHYHQWVLVQRWHGDFURVVWKHϰϵϮ
GXQHFUHVWQHDU+LJKWRZQ,WFDQEHVHHQWKDWBBVWRUP RYHUZDVKHVWKHGXQHFUHVWϰϵϯ
VLJQLILFDQWO\ ZKLOHWKHUHLVDQ LQFUHDVHLQHURVLRQQHDUWKHPFRQWRXUZLWKWKHPRUHVHYHUHϰϵϰ
ZDWHUOHYHOWKHDFFUHWLRQORZHUGRZQWKHEHDFKSURILOHVSUHDGV RYHUDODUJHUDUHDϰϵϱ
Ϯϭ
ϰϵϲ
)LJXUH  &RPSDULVRQRISUHVHQWVHDEHGFKDQJHDW6HIWRQ&RDVWDVDUHVXOWRIBBϰϵϳ
FHQWUH BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUV DQGϰϵϴ
GXQHFUHVW WKLFNEODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϰϵϵ
,Q )LJXUH  WKH LPSDFWV RI FKDQJLQJ H[WUHPH VWRUP ZDYH KHLJKW DUH LQYHVWLJDWHG E\ϱϬϬ
FRQWUDVWLQJWKHPRUSKRG\QDPLFFKDQJHGXULQJWKHSUHVHQWLQDQGLQ\HDUVWRUPϱϬϭ
ZDYHFRQGLWLRQV7KHZDWHUOHYHOGXULQJERWKVWRUPVKDV D LQ\HDUUHWXUQSHULRG(YHQϱϬϮ
WKRXJKWKHUHLVPGLIIHUHQFHRISHDNVWRUPZDYHKHLJKWEHWZHHQWKHVWRUPVRQO\VOLJKWϱϬϯ
GLIIHUHQFHVDUHREVHUYHGLQWHUPVRIPRUSKRORJLFDOFKDQJH7KH PDMRULW\RIGLIIHUHQFHVDUHDWϱϬϰ
WKHPGHSWKFRQWRXUDURXQG )RUPE\3RLQWZKLOHVRPHGLIIHUHQFHVDUHVHHQQHDU+LJKWRZQϱϬϱ
2YHUDOO PRUSKRORJLFDOFKDQJHV GXULQJWKHVHWZRVWRUPVDUHYHU\VLPLODULQGLFDWLQJWKHIDFWϱϬϲ
WKDWPRUSKRG\QDPLFVRIWKLVEHDFKLVPRUHVHQVLWLYHWRWKHZDWHUOHYHOGXULQJDVWRUPWKDQϱϬϳ
WKHSHDNVWRUPZDYHKHLJKWϱϬϴ
ϱϬϵ
)LJXUH  &RPSDULVRQRIWKHVHDEHGFKDQJHIURPWKHµSUHVHQW¶ BBFHQWUH DQGϱϭϬ
µIXWXUH¶ BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUVDQGϱϭϭ
GXQHFUHVW WKLFNEODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϱϭϮ
,PSDFWVRIFOLPDWHFKDQJH RQPRUSKRG\QDPLFVϱϭϯ
)RULQYHVWLJDWLQJWKHLPSDFWRIFOLPDWHFKDQJHILUVWO\WKHPRUSKRG\QDPLFFKDQJHRI6HIWRQϱϭϰ
FRDVWGXULQJWKHµSUHVHQW¶ DQGµIXWXUH¶ BBVWRUPHYHQWVDUHFRPSDUHG)LJXUH 7KHUHϱϭϱ
LVDFOHDUGLIIHUHQFHLQWKHSDWWHUQRI HURVLRQ LQWKHDUHDVQRUWKRI)RUPE\3RLQWDQGVRXWKRIϱϭϲ
+LJKWRZQ ZLWK LQFUHDVHG VHYHULW\ RI WKH LPSDFWV RQ WKH GXQH IDFH XQGHU IXWXUH VWRUPϱϭϳ
FRQGLWLRQV 7KHDORQJVKRUHH[WHQWRIGXQHLQXQGDWLRQDW+LJKWRZQGXULQJWKHIXWXUHBBϱϭϴ
VWRUPZLOOEHODUJHUWKDQWKDW IURPWKHSUHVHQWVWRUPZLWKVDPHUHWXUQSHULRGϱϭϵ
ϮϮ
7KHVWUHWFKRIWKHFRDVWDURXQGDQGQRUWKRI)RUPE\3RLQWH[SRVHGWRVRXWKZHVWHUO\VWRUPVϱϮϬ
DQGWKHDUHDVVRXWKRI +LJKWRZQ VKRZ VLJQLILFDQWEHDFKORZHULQJ !P LQ WKH VXSUDWLGDOϱϮϭ
]RQH 6LPLODU WR )LJXUH  )LJXUH  DOVR VKRZV DFFUHWLRQ LQ WKH ORZHU LQWHUWLGDO ]RQHϱϮϮ
FRUUHVSRQGLQJZLWKWKHLQFUHDVHLQHURVLRQRQWKHGXQHIDFH7KHUHIRUHWKH LQFUHDVHLQZDWHUϱϮϯ
OHYHO GXHWRVHDOHYHOULVHLQIXWXUHOHDGVWRVXEVWDQWLDOLQFUHDVHLQPRUSKRORJLFDODFWLYLW\ZLWKϱϮϰ
PXFKPRUHRIWKHFRDVWOLQHEHLQJDIIHFWHGWKDQXQGHUSUHVHQWFOLPDWHFRQGLWLRQVϱϮϱ
ϱϮϲ
)LJXUH  &RPSDULVRQRIVHDEHGFKDQJHIURPWKHµSUHVHQW¶ BBFHQWUH DQG µIXWXUH¶ϱϮϳ
BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUVDQGGXQHϱϮϴ
FUHVWWKLFNEODFNOLQHOHIWGLVSOD\HGDVDUHIHUHQFHϱϮϵ
)LJXUH KLJKOLJKWVWKHGUDPDWLFLQFUHDVHLQPRUSKRORJLFDOFKDQJHGXULQJWKHIXWXUH H[WUHPHϱϯϬ
BBVWRUPZKHQFRPSDUHGWRWKDWIURPWKHFXUUHQWVWRUPZLWKVDPHUHWXUQSHULRG/DUJHϱϯϭ
VFDOHLPSDFWVDUH HYLGHQWDFURVVWKHZKROHFRDVWOLQHGXULQJWKHIXWXUHBBVWRUPHYHQWϱϯϮ
DVDUHVXOWRIWKHH[WUHPHZDWHUOHYHORIP 2'17KH DGGLWLRQRIVHDOHYHOULVHRQWKH LQϱϯϯ
\HDU H[WUHPHZDWHU OHYHO OHDGV WR D ODUJHDPRXQWRIRYHUZDVKLQJDQG LQXQGDWLRQ QHDUϱϯϰ
+LJKWRZQ DQGGXQHHURVLRQDWDQGQRUWKRI)RUPE\3RLQW $ORQJVLGHWKLV WKHUHLVVLJQLILFDQWϱϯϱ
VHGLPHQWGHSRVLWLRQLQWKHORZHULQWHUWLGDODUHDVϱϯϲ
ϱϯϳ
)LJXUH  &RPSDULVRQVHDEHGFKDQJHIURPWKH µSUHVHQW¶ BBFHQWUH DQG µIXWXUH¶ BBϱϯϴ
ULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUV DQGGXQHFUHVW 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WKHLPSDFWRIVHDOHYHOULVHWKHLQDQG\HDUUHWXUQOHYHOFRQGLWLRQVVKRZODUJHϱϲϱ
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PRVWG\QDPLFDQGYXOQHUDEOHDUHDVRIWKH6HIWRQ&RDVW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1RYHPEHU  ZLWK XS WR P GXQH UHWUHDW DQG IORRGLQJ RI SURSHUWLHV DQG GDPDJH WRϲϲϮ
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IORRGLQJDQGLQXQGDWLRQ :KLOHWKHSHDNVWRUPZDYHKHLJKWFDQDIIHFWWKHOHYHORIEHDFKGXQHϳϭϲ
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PDFURWLGDOFRDVWOLQH7KHUHIRUHVHDOHYHOULVHDVDUHVXOWRIJOREDOFOLPDWHFKDQJHZLOOSOD\Dϳϭϴ
VLJQLILFDQWUROHRQIXWXUHVWDELOLW\RIWKLVFRDVWOLQHϳϭϵ
ϳϮϬ
7KH DSSURDFK GHWDLOHG LQ WKLV VWXG\ SURYLGHV DQ XQGHUVWDQGLQJ RI WKH LPSDFWV RIϳϮϭ
µPRUSKRG\QDPLF VKRFNV¶ LQGXFHG E\ IXWXUH VWRUPV RQ WKH LQWHJULW\ RI WKH 6HIWRQ &RDVWϳϮϮ
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0DQDJHPHQW3ODQV603¶VZKLFKZLOOLQWXUQLQIRUPQHZFRDVWDOGHIHQFHVROXWLRQVϳϯϮ
ϳϯϯ
$FNQRZOHGJHPHQWVϳϯϰ
:%DFNQRZOHGJHVWKHVXSSRUWRI(365&'7$JUDQW WRSXUVXHKLV3K'VWXGLHVDW6ZDQVHDϳϯϱ
8QLYHUVLW\ 8. 7KH (365& )ORRG0(025< (3. DQG WKH %ULWLVK &RXQFLO¶Vϳϯϲ
(QVHPEOH (VWLPDWLRQ RI )ORRG 5LVN LQ D &KDQJLQJ &OLPDWH 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%ULFKHQR/0:ROI-0%URZQ-0 ,PSDFWVRIKLJKUHVROXWLRQPRGHOGRZQVFDOLQJϳϱϴ
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